
I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlUlIIIIIIIIIIIIIIIIIIIIIIIII 
DE91009808 

0 

One Source. One Search. One Solution. 

NOVEL PROCESS FOR METHANOL SYNTHESIS. 
PROGRESS REPORT, JUNE 1, 1990-AUGUST 31, 
1990 

PITTSBURGH UNIV., PA. DEPT. OF CHEMICAL 
AND PETROLEUM ENGINEERING 

1990 

U.S. Department of Commerce 
National Technical Information Service 

J 



One Source.  One Search.  One Solut ion.  

P r o v i d i n g  P e r m a n e n t ,  E a s y  A c c e s s  
to  U .S .  G o v e r n m e n t  I n f o r m a t i o n  

National Technical Information Service is the nation's 

largest repository and disseminator of government- 
initiated scientific, technical, engineering, and related 
business information. The NTIS collection includes 
almost 3,000,000 information products in a variety of 
formats: electronic download, online access, CD- 
ROM, magnetic: tape, diskette, multimedia, microfiche 
and paper. 

: : : :-: ~ . : ~ ; : ~  

;~ . . . . .  

i :  

Search the NTIS Database from 1990 forward 
NTIS has upgraded its bibliographic database system and has made all entries since 
1990 searchable on www.ntis.gov. You now have access to information on more than 
600,000 government research information products from this web site. 

Link to Full Text Documents at Government Web Sites 
Because many Government agencies have their most recent reports available on their 
own web site, we have added links directly to these reports. When available, you will 
see a link on the right side of thebibliographic screen. 

Download Publications (1997 - Present) 
NTIS can now provides the full text of reports as downloadable PDF files. This means 
that when an agency stops maintaining a report on the web, NTIS will offer a 
downloadable version. There is a nominal fee for each download for most publications. 

For more information visit our website: 

www.ntis.gov 

U.S. DEPARTMENT OF COMMERCE 
Technology Administration 
National Technical Information Service 
Springfield, VA 22161 



DEPI 009808 

PROGRESSREPORT . . . . . .  "~  

A NOVEL PROCESS FOR M2~T~/%NOL SYNTHESIS 

Principal Investigators 

John W.-Tierney 

zrving Wender 

Chemical and petroleum Engineering Department 

university of Pittsburgh 

Pittsburgh, PA 15261. 

Prepared for the Department of Energy 

Grant No. DE-FG22-89PC89786 

June I, 1990 through AUgUSt 31, 

DISCLAIMER 

"1990 

This report was prepared as an account of work sponsor~ by an agency of the Unit~l States 
Government, Neither the United States Government nor any agency thereof, nor any of their 
¢mpioy~s, makes any warranty, expre~ or implied, or assum~ any legal liabi|ity or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents tl;at' its u~e would not infringe privately owned rights. Refer-... 
cnc~ herein to any specific commercial product, process, or s~rvicc by trade name., trademark, 
manufacturer, or othcrwi~ does not nc~c~arily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any aBency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency ther~oi'. 



TA3LE Ol ~ CONTENTS 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

ABSTRACT ..................................... 

INTRODUCTION ............................... 

RESEARCH OBJECTIVES ........................ 

CURRENT WORK Qe g ~ o o e o e t t e l l o Q t Q o o e w l l l ~ l  eemQ 

WO~.K ................................ 

REFERENCES ................................. 

l 

2 

4 

5 

ii 

12 



LIST OF FIGURES 

1 Rate of MeOH Synthesis for K and Na Methoxide 

Catalysts ..................................... 

2 The Cu-chromite Cycle ........................ 

3 MeOH Synthesis Rate at Different Heterogeneous 
'Catalyst Loadings ............................. 

Paqe .. N O . , .  

13 

14 

15 

/ 



LIST OF T~BLES 

Table No. 

1 Rate of Me0H Synthesis with Various ~Soluble 
Catalysts ..................................... 

2 

Pa~e No._ 

Effect oZ Heterogeneous Catalyst Loading on Rate 



i 

1 

1 • 0 ABSTRACT 

A bench-scale reactor is being used to conduct studies of 

the conversion of synthesis gas to methanol by a novel process. 

During the last quarter, we investigated the effect of ~arious 

catalysts on the rate of MeOH synthesis. The success of salts such 

as alkali formates and carbonates as catalysts indicates the 

regeneration of the homogeneous catalyst in the presence of CU- 

chromite. This could also explain the increased tolerance of the 

process to the presence of small amounts of H20. Mathematical 

equations were written to explain the non-linearity of the rate (in 

gmoles/min) with cataiyst concentration and the effect of feed flow 

rate. An 6n-line gas sampling valve was installed. Efforts are 

continuing to install an on-line liquid sampling valve. A major 

difficulty is due tothe fact that liquid flow is not continuous. 
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2.0 INTRODUCTION 

An experimental investigation of a new process, developed 

in our laboratory, for converting synthesis gas to methanol is 

being carried out. It has significant advantages over the 

conventional gas phase synthesis in that the recycle of unreacted 

material can be virtually eliminated and it:~perates at lower 

temperatures. The reaction is not significantly p~soned by CO 2 or 

~O. It has been demonstrated that the reaction proceeds with good 

rates at 150°C and 6.3 MPa pressure. It is likely that the overall 

reaction proceeds through methyl formate as **an intermediate. 

However, the nature of the mixed catalyst comprised of:an alkali 

methoxide (e.g. KOMe) and cu-ghromite and of the possible 

intermediates is not well understood. The thrust of this research 

program is to obtain a better understanding of the reaction and 

particul~rly of the role of the catalyst. This information should 

make it possible to scale up the process. 

Two papers have been published [~'23 reporting our studies. 

One is on the individual reactions: (a) carbonylation of methanol 

and (b) hydrogenolysis of methyl formate. The other paper is on the 

concurrent reaction in which a carbonylation catalyst (e.g. 

potassium methoxide) and a hydrogenolysis catalyst (e.g. Cu- 

chromite) are used in the same reactor. The current work is part of 

a three and a half-year project which started in September, 1989. 

A paper was presented at the AIChE Summer National 
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Meeting, San Diego, August 19-22 entitled Synthesis of Methanol in 

a Methanol-Rich Liquid phas~ ~ • 

i 

In this report, a soluble catalyst refers to an alkali 

salt (e.g. potassium methoxide) added as a powder to the reactor 

(the powder is soluble in the solution). The Cu-chromite powder is 

referred to as a heterogeneous catalyst. A homogeneous reaction is 

thus one which takes place in the liquid solution (not on the 

surface of Cu-chromite) and a heterogeneous reac£ion is one which 

takes place on the surface of Cu-chromite. 



3.0 RESEARCH OBJECTIVES 

Principal research objectives are, 

i) To determine the effect of alternate catalysts on the synthesis. 

This will include modified copper chromite catalysts in addition to 

soluble catalysts in the form of methoxides or similar salts. 

2) To determine the nature of the active catalyst in this reaction 

and the effect of deactivating agents such as CO 2, H20 and CO. 

3) To determine the rate limiting steps in this reaction so that 

proper scale-up is possible. The effect of catalyst loading and 

reactor volume are of special importance. 

4) To develop mathematical models which can be used to predict the 

rates of reaction and are suitable for scale-up of'the reaction. 
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4 • 0 CURRENT WORK 

In this quarter, we studied the effect of different 

sol~ble catalysts on the rate of MeOH formation. Reaction rate 

using mixed catalyst systems consisting of equimolar quantities of 

four different alkali salts Kith Ba stabilized Cu-chromite are 

given in Tabl# i c4~. 

Table I: Rate of MeOH Synthesis withvarious Soluble 

Catalysts 

Soluble Catalyst 

Potassium methoxide 

Sodium methoxide 

Potassium carbonate 

Potassium chloride 

None 

Rate of MeOH Synthesis 

(gmoles/h/gm cat) 

0.01905 

0.01321 

0.00953 

0.00449 

0.0043 

Relative Rcn 

Rate at 40 hours 

i00 

68 

50 

24 

22 

All experiments were carried cut with 3 gms Cu-chromiUe at 150°u 

and 63 atm pressure. 

far and 

reaction. 

The KOMe/Cu-chromite combination is the best catalyst so 

this is expected from studies on the carbonylation 

Sodium methoxide also results in a considerable fate. 
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The progress of the reaction for thesetwo catalysts is given in 

Figure i. The difference in the rates conforms to the idea that the 

alkali methoxide interacts with the Cu-chromite for hydrogenation 

activity. Thedifference may be attributed to the fact that since 

the ionization potential of K(4.32 V) is less than that of Na(5.12 

V), K has a greater ability to generate the methoxide anion. The 

presence of C0 2 and ~0 should result in the formation of alkali 

carbonate and formate respectively. These salts may be regenerated 

to the methoxide in the presence of Cu-chromite which is a good 

ester hydrogenolysis catalyst hy a reaction scheme as shown in 

Figure 2. A similar scheme has been reported by Bybell et al. ~s~ for 

MeOH synthesis on Cu/ZnO catalysts. The Na salts are less soluble 

than the K salts in the reaction medium and have a tendency to 

precipitate as a powder leading to a decrease in the MeOH synthesis : 

rate. A white powder of Na formate (determined by pH measurements) 

was obtained as a precipitate in the run with Na methcxide (NaOMe). 

The change in the MeOH synthesis rate with change in the 

feed H~/CO flow rate was a surprising result, as reported earlier I~I . 

A similar result was obtained with change in the Catalyst loading. 

Since the hydrogenolysis is the rate-determining step, the rate cf 

MeOH formation should be directly proportional to the amount of 

catalyst at low loadings. The rates obtained at two different 

loadings of the mixed KOMe/Cu-chromite catalysts, keeping their 

ratio the same are presented in Table 2. The progress of the 
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reactions is compared in Figure 3. This might be explained by mass 

transfer limitations in the liquid, but Liu ¢2"~ verified that, at 

the high rate of stirring used, no mass transfer limitations exist 

in the reactor. A similar effectwas obtained by Liu c6~ for Cu/Cr/Mn 

catalysts. 

Table 2: Effect of Heterogeneous Catalyst Loading on Rate 

K methoxide 

g moles/lit 

0.0953 

0.1904 

Cu-chromite 

gm. 

Max Rate at 40 hrs 

gmoles/h/gm oat 

0.01905 

0.01091 

MeOH Prod Rate 

gmoles/min 

0.00095 

0.001091 

The effect of flow rate and catalyst loading on MeOH 

synthesis rate are related in that the flow rate of gas leaving the 

reactor decreases when the catalyst loading is increased (more 

reaction) or feed rate is decreased. The rate of reaction can vary 

with exit flow rate if a small amount of a deactivating agent is 

being produced in the reactor, since it can build up to high 

concentrations when the exit flow rate is low. For both these 

effects the H20 composition increased at lower feed flow rate and 

higher catalyst loading. Since H=O is a possible deactivating 

factor, it may be the cause of the lower than expected rates. These 

observations form the basis of the following equations. Work is 

underway to determine if this explanation has validity. 
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EFFECT OF FEED FLOW RATE AND CATALYST AMOUNT ON THE RATE OF 

M~THANOL SYNTHESIS 

It has been observed experimentally that the rate of 

MeOH synthesis per gram of the Cu-chromite catalyst, varies with 

the flow rate and the amount of the C~-chromite catalyst present. 

The following is a possible explanation for the observed effects. 

It is based on the following assumptions, 

i) The rate of MeOH formation decreases as some inhibiting species 

increases. The presence of CO 2 and HzO has been found to inhibit the 

reaction. If it is assumed that at constant temperature and 

pressure, the rate of reaction varies with the amount of 

Cu-chromite and the composition in the gas phase of the byproduct, 

we have, 

R~ = K~ (l - ~y~) C (~) 

where, 

R~ is the rate of Me OH formation, gmoles/min. 

K~ is the reaction constant, 

is a constant, 

y~ is the mole fraction of nhe deleterious by-product in the 

gas phase, 

C is the concentration of the heterogenous catalyst. 

2) The rate of formation of the by-product is proportional to the 

amount of Cu-chromite catalyst, 
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where, 

P~ is the rate of formation of by-product, gmoles.min. 
c. 

is the reaction constant. 

The rate of formation of MeOH and by-product can also 

be expressed by material balances. Assuming that the feed tc the 
.-_ 

reactor is a mixture of H2 and CO in the ratio of 2:1, 

where, F~, F 2 are the flow rates of gas into and leaving the 

reactor, mol/min. 

The variation of the reaction rate (P~) With the feed 

flow rate (F~) and the amoun£ of heterogenous catalyst (C) is 

determined by finding (dR~ / dFL) with C constant and (clR~ / dC) 

with F~ constant respectively. 

Differentiating we get, 

Variation of reaction rate with feed flow rate 

dRz_ 1 

dFz F~. +3 
:q =cy+ 

Variation of reaction rate with amount ~f catalyst 
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2) 
ac l+ 3ocz ** 

Examination of equations-(5) and (6] show the same trend 

as the experimental data. In equation (5), the right hand side is 

positive. This implies that the reaction rate increases as F~ 

increases and vice-versa. The reaction rate should of course be 

independent of flow rate unless some change is occuring in the 

system with flow rate. 

similarly, the reaction rate is expected to increase 

linearly with the amount of catalyst at the rate K~ (i - ~ Y2), if 

Y2 remains constant. The rate as determined from equation (6), 

• L 

however is less, since the denominator on the rlght\hand side is 

greater than one. 



l l  

5 . 0  ~UTUP.~ WORK 

Studies will be carried out to investigate the activity 

and nature of the reactions with other catalysts for MeOH 

synthesis. Different salts will be investigated for their catalytic 

activity and to test the Cu-chromite regeneration hypothesis. An 

effort will be'made to understand the nature of 'the reaction, 

wheth@r heterogeneous or homogeneous followed by a heterogeneous 

reaction. A new liquid on-line sampling valve is being installed. 
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Figure 2: The Copper Chromite Cycle 
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